A B S T R A C T The relationship between the endolymphatic potential (EP) and the sodium and potassium concentration gradients between endolymph and interstitial fluid was studied both by measuring the EP at varying concentrations of sodium and potassium in endolymph and by measuring the effect of a depressed EP on the concentrations of these cations. Ethacrynic acid was used in dogs to change the concentration of sodium and potassium (meq/liter) in endolymph from 5.8 and 148 to 134 and 24.3, respectively. No change in the EP accompanied these alterations. In a second series of experiments the EP was reduced from + 72 mV to + 31 mV for a mean duration of 20 min. No change in the concentration of sodium and potassium in endolymph was found during the period of reduced EP. These data suggest that there is little relationship between the EP and the sodium and potassium concentrations in endolymph.
INTRODUCTION
Von Bekesy (1) discovered that the endolymphatic potential (EP) 1 is + 75 mV and Smith, Lowry, and Wu (2) showed that the potassium concentration in endolymph is approximately 150 meq/liter and the sodium concentration is less than 20 meq/liter. It has also been reported that the chloride concentration (3) and pH (4) ( to implicate these ions in the genesis of the EP. Two possibilities for this relationship include a sodium diffusion potential or an inwardly directed electrogenic potassium pump (5) . A sodium diffusion potential between endolymph and interstitial fluid would account for the polarity of the EP although some reservations exist concerning the precise relationship between the sodium concentration gradient and the magnitude of a possible diffusion potential (3), because of the varying reported values of the concentration of sodium in endolymph (5) . Recently Kuijpers and Bonting (6, 7) have suggested that the EP is the sum of a small negative potassium diffusion potential and a much larger positive potential due to an inwardly directed electrogenic potassium pump. Their evidence for a potassium diffusion potential lay in the finding of an 8-20 mV increase in the EP when potassium concentration gradient was decreased by perfusing the scala vestibuli with a 0.15 MA potassium solution. The short duration (3 min) of this increase, followed by a rapid fall of the EP to 30% of the control value, was unexplained. An electrogenic potassium pump was deduced from their finding of progressive diminution of the EP when the scala vestibuli was perfused with solutions containing 10' M to 10' AM ouabain. Kuijpers and Bonting. however, did not measure the composition of cochlear fluids after observing the ouabain effect on the potential. Konishi and Mendelsohn (8) , while performing similar experiments, measured the concentrations of sodium and potassium in endolymph after the EP was reduced in response to a perfusion of the scala tympani with 10' M and 10' M otiabain. They found the concentration of potassium of endolymph was unaffected by ouabain, although the concentration of sodium rose slightly when 10' Ml ouabain was used.
Although attention has been placed on a relationship between the EP and sodium and potassium concentraThe Journal of Clinical Investigation Volume 52 October 1973 2517-2521 tion gradients, there is evidence suggesting that no such relationship exists. Utricle endolymph has a cation composition similar to that of scala media endolymph, but the EP in the utricle is + 4 mV (9). Konishi, Kelsey, and Singleton (10) showed that perfusion of the scala media with perilymph was unassociated with an immediate fall in the EP. Of particular significance is the study of Bosher and Warren (11) , where it was established that in maturing infant rats the cochlear fluids developed the adult pattern of sodium and potassium concentration gradients well before the appearance of the EP.
The present experiments were designed to study the effect on the EP of altering the concentration of sodium and potassium in endolymph by ethacrynic acid administration to the dog (12) , and the effect of altering the EP on the composition of endolymph.
METHODS
The surgical approach to the inner ear in dogs and guinea pigs included a ventromedial incision in the neck followed by sharp and blunt dissection to expose the auditory bulla. The bulla was removed to expose the round window. After approximately 2 ul of perilymph was obtained, the round window was removed to expose the basilar. membrane, through which approximately 1. The relationship between the cation composition of endolymph and the EP before and after the administration of ethacrynic acid is shown by Table III . In four of the six animals double-barrelled pipette electrodes were used to measure the EP and aspirate fluid simultaneously. In the five control ears the usual cation composition previously described was observed. The EP varied from + 48 to + 85 mV. 10 or 40 min after the injection of ethacrynic acid, the same or contralateral scala media was studied. The previously described fall in potassium concentration and rise in sodium concentration was observed, but these changes were associated with no consistent or large change in the EP. Table IV shows the unresponsiveness of the scala media of the guinea pig to ethacrynic acid. At the doses of ethacrynic acid used there was no change in the concentrations of sodium or potassium in endolymph or in the EP. Fig. 1 demonstrates the protocol wherein the effect of altered EP on the composition of endolymph was studied in guinea pigs. At point A the tip of the double-barrelled pipette-electrode was placed in perilymph overlying the basilar membrane. The tip was advanced through the basilar membrane at point B where the negative injury potential of the cells of the basilar membrane is demonstrated. The appearance of the positive potential marks the entrance of the tip into the scala media. At point C the ventilation gas was changed from room air to a gas mixture of 5-10% oxygen and 90-95% nitrogen. In less than 1 min the EP fell to approximately half the control value. 27 min later, at point D, endolymph was aspirated through the pipette arm of the system. The collection was terminated at point E and the animal restored to room air at point F, after which there was a prompt rise of the EP to the approximate control value. Table V shows the effect of varying periods of hypoxia and depressed EP on the concentration of sodium and potassium in endolymph. Regardless of the duration or magnitude of the fall of the EP, the sodium and potassium concentrations FIGURE 1 Example of the study of the effect of hypoxia on the EP and the concentration of sodium and potassium in endolymph. Points A, B, and C refer to the site of the pipetteelectrode in scala tympani, within the basilar membrane and within the scala media, respectively. At point C the animal was ventilated with an hypoxic gas mixture. Endolymph was aspirated between points D and E. The animal was restored to room air at point F. The sensitivity of the amplifier between the asterisks was 2/5 of that indicated in the figure.
of endolymph are similar to that of control guinea pigs (Table I) . DISCUSSION The normal cation composition of perilymph and endolymph described here is in agreement with previously reported values, except perhaps for the sodium concentration of endolymph obtained from the dog and guinea pig, respectively. Johnstone, in a recent review of this subject (5) , concluded that the sodium concentration of endolymph was less than 2 meq/liter. This conclusion was based on his results in the guinea pig and Bosher and Warren's results in the rat (3). Johnstone ascribed the earlier-reported higher values to contamination of endolymph by perilymph during the collection procedure. The reproducibility of the values presented here, in addition to the collection of endolymph through one barrel of a pipette-electrode concomitant with the measurement of a normal EP, suggests that contamination is not an important factor in these data. The uncertainty as to whether the normal sodium concentration of endolymph is 1 or 5 meq/liter has little effect on the interpretation of the present data as they bear upon the relationship between sodium concentration gradients, between endolymph and interstitial fluid and the EP. The data show that both the positive polarity and magnitude of the EP are independent of the potassium or sodium concentration gradients between the scala media and interstitial fluid. These studies provide no insight into the mechanism whereby ethacrynic acid exerts its effect on cochlear fluids except to divorce the EP from the sodium and potassium gradients. Large repeated injections of ethacrynic acid (30-50 mg/kg) may cause a marked reduction of the EP as shown by Prazma, Thomas, Fischer, and Preslar (15) , who used guinea pigs as the experimental animals.
Silverstein and Yules (16) found an increase in the sodium concentration of endolymph after ethacrynic acid was given to cats. Table IV shows similar lack of effect of a single dose of ethacrynic acid in the guinea pig. The difference between the response of the cochlea of the dog to ethacrynic acid and that of the guinea pig and cat is similar to the species specificity demonstrated by the renal effect of this drug (17) . Because such species specificity is not absolute, in that doses 50 times that which produce a saluretic response in the dog kidney are effective in the rat kidney (18) , it remains surprising that ethacrynic acid does not affect the cochlea of the cat or guinea pig to a greater extent.
The demonstration in the dog of an unchanged EP at a time when the sodium concentration gradient was the opposite to that of the control values would appear to rule out the possibility that a sodium diffusion potential participates in the generation of the EP.
It has been suggested (5-7) that the EP may be due to an inwardly directed electrogenic potassium pump. The persistence of the EP at a time when the potassium gradient is the reverse of the control value (Table  III) is not compatible with such an hypothesis unless one implicated an effect of ethacrynic acid on the permeability of cochlear membranes to sodium and potassium. The data in Table V are also not compatible with an electrogenic potassium pump, in that the potential can be altered markedly with no change in the concentration of potassium or sodium in endolymph. It would seem unlikely that a marked interference with the potential generating function of an electrogenic pump could occur without an alteration of its transporting function as manifested by a change in the concentration of ion involved.
Other investigators have shown changes in sodium and potassium concentration of endolymph after depression of the EP, but in these studies either complete anoxia (5) or occlusion of the blood supply (19) to the cochlea were the techniques used to cause a reduction of the EP. Deterioration of metabolically dependent concentration gradients would not be unexpected in an organ totally deprived of blood or oxygen.
In the experiments shown in Fig. 1 and Table V the animal was hypoxic only to the extent that induced a diminished EP. Virtually complete recovery of this potential when the animal was ventilated with room air suggests no permanent injury of the cochlea.
These data do not allow conclusions as to the genesis of the EP except to ascribe it to mechanisms independent of the sodium and potassium concentration gradient.
